1. Advances in genomics and informatics have enabled the production of large phylogenetic 8 trees. However, the ability to collect large phenotypic datasets has not kept pace. 2. Here, we present a method to quickly and accurately gather morphometric data using 10 crowdsourced image-based landmarking. 3. We find that crowdsourced workers perform similarly to experienced morphologists on 12 the same digitization tasks. We also demonstrate the speed and accuracy of our method 13 on seven families of ray-finned fishes (Actinopterygii). 
Introduction
rate varies depends on application, but here we use a 25% misprediction rate as a standard 141 for sufficient accuracy. This is a highly forgiving standard, since a 50% misprediction rate is 142 no better than a coin flip, and a 25% misprediction rate would still erroneously classify one 143 in four turkers as experts or vice versa. We also use quadratic discriminant analysis (QDA), 144 which relaxes some of the assumptions of LDA, and similarly report the QDA misclassification 145 rate.
146
We calculated the per-individual median shape for each species used, as well as the consensus 147 turker and morphologist shapes, and projected these shapes into Procrustes space, to visualize 148 the orthogonalized differences in median shape among and between the types of digitizers.
149

Example: a phenomic pipeline for comparative phylogenetic analysis
150
A common strategy in fish comparative studies is to examine evolutionary dynamics within a 151 single family (Ferry-Graham et al. 2001; Alfaro et al. 2005 Alfaro et al. , 2007 Rocha et al. 2008; Hernandez 152 et al. 2009; Dornburg et al. 2011; Frédérich et al. 2013; Santini et al. 2013; Sorenson et al. 153 2013; Claverie & Wainwright 2014; Thacker 2014), potentially due to the extensive amount 154 of time necessary to collect data. To test whether our method can improve on the case where 155 the data collection method is geometric morphometrics, we use the average time it took an 156 expert to measure a single fish image and predict the time it would take for a single individual To demonstrate the utility of obtaining comparative data using this method, we use previously 162 published phylogenies for seven fish families: Acanthuridae (Sorenson et al. 2013) , Balistoidae, 163 Tetraodontidae (Santini et al. 2013) , Apogonidae, Chaetodontidae, Labridae wood 2011; Choat et al. 2012) , and Pomacentridae (Frédérich et al. 2013) . We matched 147 165 species to left-lateral images from the Encyclopedia of Life (http://eol.org/) using their ap-166 plication programming interface (Parr et al. 2014) . Crowdsourced workers placed landmarks 167 describing body shape variation following a standard protocol (Supplementary Material (without data) to exclude rate heterogeneity that occurred solely due to stochastic processes. 
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196
(D1, D2), and the opercular opening for pufferfishes (O4-O5), due to low turker accuracy.
197
The inter-observer reliability of turkers and experts as measured by the ratio of among- 
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210
We projected turker and expert shape configurations into morphospace (Figure 2 , Supplemen-211 tal Figure S4 ) Although the overall space occupied by each family's shape configurations vary, 212 in practice, the aggregated median turker and expert shapes are not qualitatively different.
213
The only exception is the triggerfishes (Balistidae), likely due to turker confusion over the 214 exact location of dorsal fin due to their reduced anterior dorsal fin. 
224
Significant shifts in the rate of shape evolution or speciation were detected in three families:
225
Labridae, Apogonidae, and Pomacentridae. The significant shifts in speciation rate corrob- The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/023382 doi: bioRxiv preprint first posted online Jul. 28, 2015;  corresponding to the lineage containing the labrine, scarine, and cheiline tribes. We have shown that crowdsourcing through Amazon Mechanical Turk is a tractable approach 238 for generating reliable trait data at an unprecedented scale. Using this framework, it is possible 239 to distribute thousands of images to workers, collect the data, and send it to a comparative 240 analysis pipeline. We have also demonstrated that it is possible to identify the set of geometric 241 morphometric landmarks that can be reliably captured by nonspecialists. We found that for 242 certain landmarks there was significant between and within group disagreement. Based on 243 median average deviation, points belonging to the opercular series and those that locating 244 the distal margin of the dorsal and anal fins were particularly challenging, compared to the 245 experts. Based on these results, nonspecialist turkers are unlikely to replace experts for all 246 morphometric tasks. However, by digitizing less than 5% of our dataset with experts, we 247 were able to identify groups of landmarks that exhibited extremely poor performance and 248 excluded these. Furthermore, we were able to obtain biologically significant results from a 28, 2015; approach can easily be scaled to permit unprecedented, massive comparative analyses on new, cessing have yet to make significant headway in automatically collecting morphological data. 
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322
A third alternative to using expert morphologists and crowdsourced workers to collect data 323 is through citizen science. Citizen scientists are enthusiasts that volunteer to collect data or 324 contribute annotations to a scientific endeavor. They can specialize in a particular field, such 
331
Suitability for other systems
332
Our novel pipeline to download images, upload them to Amazon MTurk, and process them 333 using BAMM and BAMMtools showcases the ability to rapidly collect phenotypic data. Most 334 of the time taken to collect these data were spent on waiting for worker results; however, a 335 majority of the data had already been collected at the 1-hour mark. An online methodology 336 could conceivably improve on this analysis time, by iteratively refining its results as new data 337 streamed in from Amazon's servers.
338
Although there are limitations in the type and accuracy of data that can be collected through
339
MTurk crowdsourcing, even a simplified protocol can produce meaningful biological results
340
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345
suggest that evolution of body form may also be influenced by environmental association 28, 2015; a challenging open research question (Burleigh et al. 2013) . Even seemingly obvious pheno- 
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